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SHURTLEFF, D.. J. R. THOMAS, 1. SCHROT. K. KOWALSKI AND R. HARFORD. Tyrosue reverses a cold-in-
duced working memory deficit in humans. PHARMACOL BIOCHEM BEHAV 47(4) 935-941, 1994. - Acute exposure to
cold stress has been shown to impair short-term, or working, memory, which may be related to reduction in, or disruption
of, sustained release of brain catecholamines. Administering a supplemental dose of the catecholamine precursor tyrosine
may alleviate cold stress-induced memory impairments by preventing cold-induced deficits in brain catecholamine levels. The
present experiment determined whether administration of tyrosine would prevent a cold-inducem working memory deficit,
using a computer-based delayed matching-to-sample (DMTS) memory task. Eight male volunteers performed the DMTS task
for 30 rain at an ambient temperature of either 40C (cold) or 22*C following a 30-min preexposure period and 2 h after
ingesting 150 mg/kg of L-tyrosine or placebo. Subjects demonstrated a decline in matching accuracy on the DMTS task as
delay interval increased, such that matching accuracy following a 16-s delay between sample and comparison stimuli was
lower than that following a delay of 2 or 8 s. Consistent with previous research, and relative to 220C exposure sessions,
matching accuracy during 40C exposure sessions was reduced significantly following placebo administration, which is attrib-
uted to the effect of cold exposure on short-term, or working, memory. Administration of tyrosine significantly improved
matching accuracy at the longest delay interval most affected by cold exposure, such that matching accuracy in the cold
following tyrosine was at the same level as matching accuracy following placebo or tyrosine administration at 220C. Tyrosine
administered prior to 220C exposure had no effect on DMTS performance. Plasma norepinephrine levels and diastolic and
systolic blood pressure were significantly elevated just prior to performing the DMTS task and following 30 min of acute cold
exposure, indicating that the cold exposure produced a typical stress response. Tyrosine was effective in protecting against
the effects of cold stress on DMTS performance, possibly by preventing cold stress-induced reduction in brain catecholamine
levels.

Cold stress Tyrosine Working memory Catecholamines Matching-to-sample

ACUTE exposure to environmental stressors is associated finding has been attributed to the effect of cold on short-term,
with a variety of biochemical changes and behavioral and cog- or working, memory (1,29,32,34). This deficit in DMTS per-
nitive deficits. The biochemical changes that occur during ex- formance may be related to cold stress-induced increases in
posure to acute stress include the increased release and often CNS NE and DA activity, which result in an overall reduction
subsequent reduction in the levels of the central nervous sys- in neurotransmitter release. The inability of these neurons to
tern (CNS) catecholamines norepinephrine (NE) (8,14,18,22, sustain normal levels of release during exposure to cold stress
25,36) and dopamine (DA) (8,11,17,23,31). The inability of could be responsible for observed deficits in cognitive func-
CNS catecholaminergic neurons to sustain neurotransmitter tion, such as impaired working memory. Previous research
release during acute exposure to stressful conditions has been does, in fact, suggest DA and NE are involved in short-term,
related to impaired motor behavior in rats (25) and is hypothe- or working, memory. Reductions in NE and DA CNS levels
sized to result in deficits in cognitive function (4,29,32,34). associated with biochemical lesions, for example, have been

In terms of cognitive impairment, recent research has dem- shown to impeair DMTS performance (2,9). It is also likely
oustrated that exposure to acute cold stress impairs perfor- that a reduction or a disruption in NE and DA release may
mance on a delayed matching-to-sample (DMTS) task. This impair DMTS performance by negatively affecting the release
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of acetylcholine, a neurotransmitter important in working ed chamber at an ambient temperature of 220C The DMTS
memory (10). task is derived from the matching- to-sample task as part of

Because stressful conaitions may disrupt the sustained re- the Naval Medical Research Institute Performance Assess-
lease of DA and NE. administration of the amino acid tyro- ment Battery (28). rhe subject initiated a DMTS trial by press-
sine, a necessary precursor for catecholamine biosynthesis, ing the 2 key on the computer keypad to present a 64-cell
should be effective in protecting against somne of the adverse, matrix (8 coiumn -8 row square) for 4 son the computer
stress-induced biochemical deficits in DA and NE. and thus monitor The %ample matrix was composed of 32 red and 321
prevent or reduce stress-induced behavioral and cognitive defi- green squares, randomly distributed After the sample matrix
cits. Tyrosine may protect against thewe debilitating effects of was removed from the screen. a delay interval of 2. 1. of 16%
stress by allowing for the repletion of NE and DA in (INS was initiated. Following the 4elay interval, two comparison
regions responsible for normal cognitive and behavioral func- matrices were presented. one on the left portion of the screen
tions. In fact, it has been shown that tyrosine administration and the other on the right. One matr~x was identical to the
can increase the rate of NU- %ynthesis in the CNS of rats during previously displayed sample matrix and the other differed by
acute exposure to an ambient temperature of 4*C 114) and two LIels: one green and one red. fhe position of the correct
prevent shock-induced NU reduction in the hippocampus. a matrix was randomly determined. The subject was required to
CNS region implicated in working memory 125), The increased press either a right matrix key (3 key) or a left matrix key (I
firing rate of CNS neurons and the continued release of cate- key) to indicate if the right or left comparison matrix matched
cholammnes under these stressful conditions activate tyrosine the original sample matrix. After a shoice response the screen
hydroxylasc. which induces an increase in tyrosine utilization went blank and the subject was required to respond to present
and catecholamaine biosynthesis (211I a new sample matrix for the next trial. A session comprised

Providing supplemental tyrosine during exposure to stress 90 trials. with 30 occurrences of each delay interval randomly
has been shown to amteliorate cognitive and behavioral deficits distributed throughout the session. A session took approxi-
caused by stressful conditions. Recent research has shown that mately 30 min to complete.
administering tyrosine to rats prior to exposure to 20C air Testing. To ensure uniform absorption of tyrosine and
improves cold-induced decrements in DMTS performance similar initial tyrosine blood levels. subjects were tested in the
(29). Tyrosine has a1w.), tvice shown to reduce behavioral de- morning after a night's fast. At the beginning of a test session
pression in rats, followirig exposure to 170C water (24). In subjects were weighed. The subject was then seated in a room
humans, tyrosine has been sOwnmr to be effective in alleviating adjacent to the temperature-cont rolled chamber, and a cathe-
some adverse symptoms and moods, and improving some cog- ter was placed in the brachial vein of one arm. Following
nitive abilities during exposure to a simulated high-altitude insertion of the catheter, a blood sample was obtained and
cool environment (4). Although previous research indicates blood pressure was recorded. Thermistors were placed on the
that acute cold exposure impairs working memory in humans right triceps, pectoral, quadriceps, and the gastrocnemius;
(32). the effects of tyrosine on this cold-induced working muscle for skin temperature recording. Using a double-blind
miemory deficit have not been assessed. This experiment, procedure, the subject then ingested a mixture of 42 g apple-
therefore, determined whether tyrosine can (1) reduce a cold sauce and microcrystalline cellulose (placebo) or 42 g apple-
stress-induced working memory deficit in humans and (2) sauce and L-crystalline tyrosine (Tysons & Assoc., Santa Mon-
whether tyrosine has any effec or working memory under a ica, CA). L-Tyrosine was administered in a dose of 150 mg/
nonstressful ambient temperature condition. kg b.wt. Microcrystalline cellulose was always administered

as a 5-g quantity because this amount most resembled the
METHOD tyrosine mixture in appearance and texture. Subjects had no

prior experience with either of these mixtures; therefore, any
Subjects apparent differences in texture or appearance could not be

attributed to a particu~ar mixture. The subject then entered
Eight healthy male volunteers with a mean ± SEM age of the temperature-controlled chamber, set at either 220C or

27.5 ± 1.8 years (range 23-37), a mean weight of 81.7 ± 5.3 40C, 90 min following mixture ingestion, sat in the chamber
kg (60-100), and a mean height of 174.4 ± 3.8 cm (158-188) for 30 min, and then began performing the DMTS task for
served as subjects. All subjects received monetary compensa- approximately 30 min. In addition to the initial blood sample
tion for their participation. Each subject received a physical drawn before tyrosine or placebo ingestion, blood samples
examination and was informed as to all aspects of the study. were drawn at 30, 60, 90, 120, and 150 min following mixture
The subjects wore shorts, t-shirts, and socks during the experi- ingestion. Additional blood pressure measures were recorded
mental sessions. 60, 90, 120, and 150 min following ingestion.

Subjects were exposed to each temperature condition four
Apparatus times, twice following placebo ingestion and twice following

Testing was conducted inside a temperature-controlled en- tyrosine ingestion. Each of the four conditions was experi-
vironmental chamber. A microcomputer with a color display enced once before any of the conditions were replicated.
monitor was used to present stimuli and record responses. Within a four-condition block (placebo at 4*C or 220C, and
Skin temperatures were measured with thermistors connected L-tyrosine at 40C or 220C), subjects experienced the condi-
to a portable data logger, tions in a random order. Test sessions occurred twice a week

with at least I day separating each test. Subjects practiced the
ProcdureDMTS task the day before each test session with the chamber

set at 220C.
Dedayed Matching-to-Sample Task. Subjects were trained

on the DMTS task and then performed the task for 10 separate Blood Sample Analysis
daily baseline sessions to achieve stable performance. The Blood samples were collected in 5-ml tubes containing 143
baseline sessions were conducted in the temperature-controll- U heparin and immediately cooled. Plasma samples were pre-
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pared and analyzed for tyro . NE by high pressure -- 4oC-Tyr
liquid chromatography with ýnemical detection as de-
scribed previously Isee (33)), --.- 4ocPlb

Data A naIysts 22°C-Tyr

Significant differences between measures were assessed us- I.. 22oC-Pib
ing repeated measures analysis of variance (ANOVA). The 6
factors included in the repeated measures ANOVA included - --

tyrosine dose (0 or 150 mg/kg). exposure temperature 140C or
22*C). and replication. For the dependent measures associ- C ___ . .

ated with the DMTS task, delay interval betwe• q sample and
comparison matrices (2. 8, and 16 s) was also included as a 4

repeated factor. To determine significant changes in NE and
tyrosne plasma levels, and changes in blood pressure, tim,.
since ingestion of the mixture was used as a repeated factor
The least square means multiple comparison test was u- 2
determine differences among paired comparisons. Diff- 4 $ 12 16
were determined significant at p < 0.05. For all ANO . ,.
replication factor did not significantly affect any of the deper Delay Interval (sec)
dent meaures. I ._. 2. Mean t SEM latency to choose a comparison stimulus as a

RESULTS function of delay interval for each condition

Delayed Matching-to-Sample Performance the placebo 4p = 0.2546y o. tyrosine (p = 0.0802) conditions

Figure I shows the mean ± SEM percent correct matches at 220C. At 22*C. tyrosin.- did net significantly alter matching
across the three delay intervals for each condition. Analysis accuracy at any delay. relativ- ,i placebo (all p > 0.08).
indicated that matching accuracy changed significantly as a
function of delay, F(2, 14) = 7 6 .12, p = 0.0001. Paired com- Response Latencies
parison tests indicated that percent correct matches following Figure 2 shows the latency to choose a comparison stimulus
the 16-s delay interval were significantly less than following as a function of delay ir..Vrval and exposure condition. La-
the 2-s (p = 0.0001) or 8-s (p = 0.0001) delay interval. There tency to cioose a comparison iimulus was significantly faster
were no differences in matching accuracy between the 2- and in the cold than at 22rC, FrI, 7) =u 2 s.63, p = 0.0011. There
8-s delay intervals (p = 0.6897). ANOVA further revealed was also a significant effect of delay interval on latency to
there was a significant temperature x dose x delay interac- choose a comparison stimulus, F(2, 14) = 12.45, p = 0.0008.
tion, F(2, 14) = 4.76, p = 0.0265. Matching accuracy at the Latencies were significantly longer following the 8- and 16-s
16-s delay during exposure to cold following placebo ingestion delays than following the 2-s delay interval (both p < 0.01).
was significantly lower than following tyrosine (p = 0.0001) Latencies to choose comparison stimuli did not differ between
or placebo (p = 0.0001) ingestion at 22*C. Matching accu- the 8- and 16-s delay intervals (p = 0.706). ANOVA further
racy at the 16-s delay interval in the cold after tyrosine admin- indicated a marginally significant temperature x delay inter-
istration was significantly higher than following placebo inges- action, F(2, 14) = 3.72, p = 0.0506. Latencies to choose
tion (p = 0.0001) in the cold, such that matching accuracy at comparison stimuli following the 2-s delay at 4 0 C tended to
this delay interval at 4 0C was not significantly different from be faster than latencies following the 2-s delay at 220C (p =

0.048). Latencies to choose a comparison stimulus following
the 8- and 16-s delays at 4 0 C were significantly faster than

95 latencies following these same delays under the 220C condi-
tion (both p = 0.0001). Administering tyrosine prior to per-
forming the DMTS task had no significant effect on latencies

-- s to choose a comparison stimulus at any delay interval forS. either temperature condition. Consequently, ANOVA indi-

---- 4C-Tyr "cated there was no significant effect of dose or significant
-- m- "',., interactions involving dose for this measure.

65

- 4C.Plb "Plasma Tyrosine

a. so El 22 0 C-Tyr Figure 3 shows changes in plasma tyrosine levels over the
course of the experimental session in which tyrosine or pla-

- ,9- 22oC.Plb cebo was administered prior to exposure to cold and normo-thermic temperature conditions. During the first 90 min fol-
35 . .lowing tyrosine ingestion, plasma levels increased two-to

4 S 12 16 threefold from an average of 56.3 nmol/ml to approximately
Delay Interval (sec) 140-168 nmol/ml and stayed at this maximal level for theremainder of the session. Following placebo ingestion, plasma

FIG. 1. Mean ± SEM percent correct matches as a function of delay tyrosine levels remained low and constant, at approximately
interval for each condition. 50 nmol/ml, throughout the experimental session. Conse-
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200 4°C or 22°C a significant time x temperature interaction, F(5, 35) =

E • 4.C-TY, 22.2, p = 0.0001. However, there were no other significant
""1 60 4,C-Pb interactions. Paired comparisons showed that NE levels signif-

16icantly increased during exposure to cold (120 min following
E 22°C-Tyr * mixture ingestion and following 30 min of cold exposure) rela-
-E 120 22-C.Pib k tive to the 22*C condition (p = 0.0001) and remained ele-
w vated immediately after 60 min of cold exposure relative to
Z 80 22*C exposure (p = 0.0001). Relative to NE levels prior to
Fn •- - -4 p entering the chamber, NE levels were higher under the 22 0C
0 40 condition just before (all p = 0.0001) and immediately after

DMTS (all "7 < 0.0003) performing the DMTS task.

-- 0
0 40 80 120 160 Blood Pressure

TIME (m in) The effects of tyrosine administration and cold exposure
on systolic and diastolic blood pressure are presented in Fig.

FIG. 3. Mean ± SEM changes in plasma tyrosine levels as a func- 5. Analysis indicated that there was a significant temperature
tion of time just prior to and since mixture ingestion. The DMTS label x time interaction, F(4, 28) = 11.25, p = 0.0001, for sys-
indicates when the delayed matching-to-sample task was performed tolic blood pressure. There were no other significant interac-
during the experimental session. The vertical line separates the time tions. Systolic blood pressure was significantly elevated fol-
before entering the chamber with the time spent in the environmental lowing 30 min (p < 0.0007) and 60 min (p < 0.015) of cold
chamber, which was set at either 40C or 22C. exposure relative to the 22 0C condition at these same time

intervals. Systolic blood pressure also significantly increased
after 30 min of exposure to the 220C condition, just prior to

quently, ANOVA indicated there was a significant dose x performing the DMTS task, relative to all measures taken
time interaction. R'5, 35) = 40.42, p = 0.0001. There were prior to entering the chamber (all p < 0.035). After 60 min
no other significant interactions. Paired comparisons indi- of 22 0 C exposure, and following completion of the DMTS
cated that plasma tyrosine levels following tyrosine adminis- task, systolic blood pressure declined such that it was not
tration significantly increased successively higher every 30 min significantly different from blood pressure levels taken before
for the first 90 min (all p < 0.0013). Plasma levels of tyrosine entering the chamber (all p > 0.10) except one (60 min fol-
at 90, 120, and 150 min following tyrosine ingestion were lowing mixture ingestion; p < 0.02).
not significantly different from each other (all p > 0.34). In Analysis of diastolic blood pressure also indicated a signifi-
addition, plasma tyrosine levels following tyrosine administra-
tion were significantly higher than those following placebo
administration at all time intervals after ingestion (all p =
0.0001), but not before (p > 0.94). 4t or 22°C

CD 145

Plasma Norepinephrine EE 13

Figure 4 shows changes in plasma norepinephrine levels E 135 U -
over the entire session. The NE levels changed significantly as & 125(0 125 '•.

a function of cold exposure. Consequently, ANOVA indicated o

0 115'

105>- 105............. ... . . . .
1 0 40 so 120 160

E 1500 4°C or 22'C

"-" 1200 V ,.c-Pib
WI 22"C-Ty, 100

900 22-C.Plb E " .

" " EE 90
S600 0.

Z M 80 *2"-

(L 300 q. ... DMTS T
W0 70b aa:

0___________ _______( OUTSo 0.. .. 60 " -_.-.-_ ..------- -----
40 s0 120 160 0 40 80 120 ISO

TIME (min) TIME (min,

FIG. 4. Mean ± SEM changes in plasma norepinephrine levels as a FIG. 5. Mean ± SEM changes in systolic (top) and diastolic (bot-
function of time immediately before and after mixture ingestion. The tom) blood pressure over the experimental session for each condition.
DMTS label indicates when the delayed matching-to-sample task was The DMTS label indicates when the delayed matching-to-sample task
performed during the experimental session. The vertical line separates was performed during the experimental session. The vertical line sepa-
the time before entering the chamber with the time spent in the envi- rates the time before entering the chamber with the time spent in the
ronmentaj chamber, which was set at either 40C or 220C. environmental chamber, which was set at either 40C or 220C.
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cant temperature x time interaction, F(4, 28) = 4.8, p < could be attributed to an increase in cognitive stress in antici-
0.0045. There were no other significant interactions. As with pation of performing the DMTS task (15,19,33).
systolic blood pressure, diastolic blood pressure was signifi- Administration of the catecholamine precursor tyrosine
cantly elevated following 30 min (p < 0.0007) and 60 min completely protected against the cold-induced memory deficit
(p < 0.0157) of cold exposure relative to these same exposure such that matching accuracy in the cold was the same as
times during the 22 0 C condition. Diastolic blood pressure also matching accuracy at 22 0C. However, tyrosine did not in-
significantly increased after 30 min of exposure to the 22*C crease the latency to choose the comparison stimulus during
condition, just prior to performing the DMTS task, relative cold exposure. This is of interest because although matching
to all previous measures (all p < 0.0006). After 60 min of accuracy improved under the tyrosine-cold stress condition, it
exposure to 22 0C, and following completion of the DMTS occurred in the absence of a concomitant increase in apparent
task, diastolic blood pressure remained elevated such that it decision time, indicating the lack of a speed-accuracy trade-
was significantly higher than all levels recorded prior to enter- off. Furthermore, these data suggest that the latency changes
ing the chamber (all p < 0.04) except one (90 min following induced by cold exposure may be unrelated to tyrosine avail-
mixture ingestion; p > 0.20). ability and CNS catecholamine biosynthesis and release.

These results are consistent with the hypothesis tat cold

Skin Temperature exposure disrupts the sustained release of CNS catecholamines
needed for optimal working memory, and supplemental tyro-

Following 30 min of cold exposure, and prior to perform- sine administration allows for the continued biosynthesis of
ing the DMTS task, mean skin temperature was 26.2 t these neurotransmitters, preventing a cold-induced memory
0.46°C following tyrosine administration and 25.62 ± deficit. Administering tyrosine 2 h prior to task performance
0.550C following placebo administration. Following comple- allows tyrosire plasma levels to become maximal and proba-
tion of the task and 60 min after cold exposure, mean skin bly in greater proportion to other large neutral amino acids in
temperature was 26.44 ± 0.57°C and 26.17 t 0.71 C for the the plasma. Because the large neutral amino acids use the
tyrosine and placebo conditions, respectively. During 226C same blood-brain transport system, a high relative concentra-
exposure, mean skin temperature prior to performing the tion of tyrosine increases t"e likelihood of increased transport
DMTS task was 30.65 ± 0.18°C and 30.56 ± 0.27°C for the of tyrosine across the blood-brain barrier and a grez!-r likeli-
tyrosine and placebo conditions, respectively. At the end of hood of catecholamine biosynthesis in those brain regions af-
the session, skin temperature was 30.60 ± 0.970C and 30.56 fected by cold stress [see (37)1.
± 0.220C for the tyrosine and placebo conditions, respec- Tyrosine had no effect on DMTS performance in the ab-
tively. ANOVA indicated that skin temperature was signifi- sence of exposure to cold, suggesting that if central catechola-
cantly lower during 40C exposure than 22°C exposure, F(I, mine biosynthesis and release increased, this increase had no
7) = 102.3, p < 0.0001. There were no other significant main effect on DMTS performance. However, research suggests
effects or interactions, that increasing CNS tyrosine levels alone is not sufficient for

increased biosynthesis and release of catecholamines; the ac

DISCUSSION celerated firing of catecholaminergic neurons seems to be an
important component for tyrosine utilization (30,37). This is

These results clearly indicate that exposure to cold stress an important point, because unlike most pharmacological
impairs working memory in humans as assessed by a DMTS agents, tyrosine may only be utilized when it is needed, such
task, and this impairment is manifest at the longest delay as under conditions of extreme stress. This form of treatment,
interval between sample and comparison stimuli of 16 s. These therefore, may often times be less efficacious in modifying
results are consistent with previous studies showing that cold catecholaminergic neurotransmission than more direct acting
stress induces working memory impairment (1,29,32,34). catecholaminergic agonists or antagonists. On the other hand,

Consistent with previous research, subjects chose a com- because the biosynthesis of tyrosine may depend on neuronal
parison stimulus more quickly during exposure to cold (32). firing frequency, it may have fewer side effects or adverse
However, this decrease in latency to choose a comparison effects on behavior under less stressful conditions, allowing
stimulus in the cold was not accompanied by a concomitant neurons to operate in a more normal range, than the more
decrease in matching accuracy at the two shorter delays, indi- direct-acting catecholaminergL agonists and antagonists.
cating that, for the most part, there was not a speed-accuracy Although cold stress is known to deplete catecholamine
trade-off. The shortened response latencies could be interpre- levels and tyrosine is capable of reversing such changes, the
ted as a cold stressed-induced increase in arousal levels result- exact mechanisms by which these changes affect working
ing in faster reaction times, leading to an overall reduction in memory are not clear at present. Previous research has shown
actual decision making time in the cold (12,13,35). However, that exposure to acute stress reduces NE (8,14,23,25,36) and
it is unclear at present whether this decrease in reaction time DA (8, 11,23) concentrations in certain regions of the CNS,
is related to cold-induced changes in CNS neurotransmission and tyrosine has been shown to replete the levels of NE in
or other cold-induced changes unrelated to disruption of CNS CNS regions implicated in working memory, such as the hip-
function, such as peripheral autonomic nervous system activa- pocampus (25). Furthermore, reduction in either NE or DA
tion. in particular brain regions, associated with biochemical le-

That cold air exposure acted as an environmental stressor sions, has been related to deficits in working memory (2,9,10).
in this experiment is evidenced by the significant increase in For example, DA and NE terminals in the prefrontal cortex
plasma NE levels and blood pressure and a significant decline of nonhuman primates have been implicated in working mem-
in mean skin temperature. Although core temperature was not ory, and research has shown that depleting these catechola-
measured in this experiment, previous research indicated that mines or administering catecholamine antagonists results in
under similar cold exposure conditions core temperature does impaired working memory, while administering catechola-
not change (33,35). At 220C there was also a significant, but mine agonists has had beneficial effects on working memory.
smaller, increase in plasma NE levels and blood pressure that Specifically, administration of the NE agonist clonidine has
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been shown to reduce age-related working memory impair- DA activity in the prefrontal cortex under conditions of ex-
ment, improve working memory following NE depletion in treme stress or when the availability of tyrosine is diminished
the prefrontal cortex, and improve working memory in young could lead to impaired working memory. However, further
nonhuman primates, presumably through the stimulation of research is needed to determine in what manner cold stress and
postsynaptic, alpha-adrenergic receptors (2,3,16). Similarly, tyrosine impact on this and other neurotransmitter systems in
the DA agonist apomorphine has also been shown to improve the CNS to modulate working memory.
working memory following DA depletion in the prefrontal The fact that tyrosine administration prevented a cold-
cortex of nonhuman primates (9), and the DA receptor antag- induced memory deficit in humans in the present experiment
onist haloperidol has been shown to impair radial arm maze is consistent with the research of Banderet and Lieberman
performance in rats (7,20). Additional research has indicated (4), which showed improvement in mood and other cognitive
that dopamine locally injected into the prefrontal cortex en- processes with tyrosine during exposure to environmental
hances neuronal activity during the delay interval between stress. Taken together with these results, it appears that cogni-
sample and comparison stimuli on a spatial working memory tive deficits induced by acute exposure to environmental
task (26), and the selective D, receptor antagonists SCH23390 stress, such as exposure to extreme cold, can be ameliorated
and SCH39166 locally injected into the prefrontal cortex of with the supplemental administration of tyrosine. Given the
rhesus monkeys increase errors on an oculomotor working success of tyrosine in improving cognitive performance, in-
memory task (27). On the other hand, the D2 receptor agonist cluding working memory, and reducing adverse symptoms un-
bromocryptine has been shown to be effective in improving der environmentally stressful conditions, supplemental admin-
working memory in human subjects (22). istration of this amino acid may be appropriate when acute

Research further indicates that tyrosine hydroxylase activ- exposure to extreme environmental stress, such as cold stress,
ity corresponds to the distribution of DA in the prefrontal is unavoidable.
cortex (6), and the rate of DA turnover in the prefrontal cortex
is higher than in other brain regions, such as the striatum ACKNOWLEDGEMENTS
(5). Following supplemental administration of tyrosine, DA The authors wish to thank Dr. Philip Shea and Ms. Munnazza
synthesis is enhanced in this area, but DA release does not Malik for conducting the biochemical assays for this experiment, and
change (30). Only under conditions of increased activity, such Dr. Mark Thornton and Mr. Joseph Shelton for their expert ad-

vice and assistance. The opinions and asseaions contained herein areas exposure to environmental stress, does precursor availabil- those of the authors and are not to be construed as official or re-
ity •'ecome an important factor in determining DA release in flecting the views of the Navy Department or the Naval Service
this brain region (5,6,30). It appears that DA levels in the at large. The research was supported by Naval Medical Research
prefr tntal cortex, therefore, may be uniquely sensitive to tyro- and Development Command research and technology work unit
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